In the era of widespread revascularization and effective antianginals, the prevalence and prognostic effect of anginal symptoms and myocardial ischemia among patients with stable coronary artery disease (CAD) are unknown.
ondary prevention therapies, such as lifestyle interventions, statins, angiotensin-converting enzyme inhibitors, and antiplatelet agents, and the availability of newer antianginals. These factors have dramatically changed the presentation, management, and prognosis among patients with stable CAD. 2 Uncertainty remains concerning which factors determine the prognosis of patients with stable CAD (ie, patients with evidence of CAD but without recent acute myocardial infarction [MI] ) in the modern era of widespread revascularization and effective medical treatments. Furthermore, as a consequence of improved treatments, the prevalence and severity of anginal symptoms and myocardial ischemia may have diminished. The present analysis aims to describe the prevalence of anginal symptoms and MI in patients with stable CAD and their association with clinical outcomes using data from a large prospective registry of outpatients with stable CAD.
Methods

Study Design and Patients
The Prospective Observational Longitudinal Registry of Patients With Stable Coronary Artery Disease (CLARIFY) has enrolled 33 283 outpatients with stable CAD. The registry is observational, does not interfere with clinical management, and does not mandate any specific test, procedure, or treatment. The rationale and design of the registry have been published previously [3] [4] [5] [6] and are available online at www.clarify-registry.com. Patients were enrolled in 45 countries in Africa, Asia, Australia, Europe, the Middle East, and North and South America but not in the United States.
To be eligible for enrollment, patients had to meet at least 1 of the following criteria: documented MI more than 3 months before enrollment; angiographic demonstration of coronary stenosis of more than 50%; chest pain with evidence of MI (on a stress electrocardiogram); or coronary artery bypass graft or percutaneous coronary intervention more than 3 months before enrollment. We excluded patients with hospital admission for cardiovascular (CV) reasons (including revascularization) in the past 3 months, planned revascularization, or conditions hampering participation or 5-year follow-up (eg, limited cooperation, limited legal capacity, serious non-CV disease or conditions interfering with life expectancy [eg, cancer or substance abuse], or other severe CV disease [eg, advanced heart failure, severe valve disease, and history of valve repair/replacement]).
Participating physicians were cardiologists, office-based primary care physicians, and physicians based in hospitals with outpatient clinics. These physicians were selected on the basis of geographic distribution, location (ie, urban, suburban, or rural areas), and specialty to obtain an epidemiologically representative data set in each country. Each physician was requested to recruit 10 to 15 consecutive outpatients. Each country had a predefined national target of 25 patients per million inhabitants (range, 12.5-50 except for China). Patient enrollment was restricted during a brief period to achieve nearconsecutive enrollment. The first patient was enrolled in November 2009 and recruitment was completed in June 2010. The study was conducted in accordance with the Declaration of Helsinki, and local ethical approval was obtained before recruitment. All patients gave written informed consent.
Data Collection
Data were captured by standardized electronic case report forms completed at baseline and at annual patient visits. For patients who missed visits, telephone contact with the patient, a designated relative or representative, or the patient's physician was attempted. Where applicable, registries could be used to retrieve vital status.
To ensure data quality, on-site audits of 100% of the data were performed in 1% of randomly selected centers per annum; regular telephone contact was maintained with investigators; and electronic case report forms underwent centralized verification for completeness, consistency, and accuracy. At baseline, data were collected on patient characteristics, risk factors, lifestyle, medical history, physical condition, vital signs, current symptoms, and treatments. Angina or equivalent symptoms were ascertained by each physician, defined as necessitating occasional or long-term use of antianginals and categorized according to the Canadian Cardiovascular Society (CCS) classification (class I indicates angina only during strenuous or prolonged physical activity; class II, slight limitation, with angina only during vigorous physical activity; class III, symptoms with everyday activities of daily living; and class IV, inability to perform any activity without angina or angina at rest). 7 Symptoms of congestive heart failure were defined as signs and symptoms of right or left ventricular failure or both, confirmed by noninvasive or hemodynamic measurements and categorized according to the New York Heart Association classification. Class I indicates patients with cardiac disease but without resulting limitation of physical activity. Ordinary physical activity does not cause undue fatigue, palpitation, dyspnea, or anginal pain. Class II indicates patients with cardiac disease resulting in slight limitation of physical activity. They are comfortable at rest, but ordinary physical activity results in fatigue, palpitation, dyspnea, or anginal pain. Class III indicates patients with cardiac disease resulting in marked limitation of physical activity. They are comfortable at rest, but less than ordinary activity causes fatigue, palpitation, dyspnea, or anginal pain. Class IV indicates patients with cardiac disease resulting in inability to perform any physical activity without discomfort. Symptoms of heart failure or the anginal syndrome may be present even at rest. If any physical activity is undertaken, discomfort is increased (patients with New York Heart Association class IV symptoms were not enrolled). 8 Available results of invasive and noninvasive tests were collected, but no test was mandated by the study, and no standardized measurement of left ventricular ejection fraction was performed. At each visit, clinical outcomes occurring during the previous 12 months were recorded. The performance of a noninvasive test for myocardial ischemia during the prior 12 months was collected, including stress electrocardiogram, stress echocardiogram, or nuclear imaging, regardless of the protocol. In addition, patients with any positive test result that did not lead to revascularization were defined as having evidence of myocardial ischemia on noninvasive testing (regardless of the extent and severity of ischemia and the level of exercise or stress achieved). Results of tests that were positive for myocardial ischemia that had led to revascularization before entry into the registry were not considered in this analysis. For the purpose of this analysis, we predefined the main outcome as the composite of CV-related death or MI. Additional outcomes of interest were the triple composite of CVrelated death, MI, or stroke, each of the components of these composite outcomes, all-cause mortality, and major bleeding (defined as bleeding leading to hospitalization or blood transfusion). Events were accepted as reported by physicians and were not adjudicated. However, all events were verified at the source during the audits.
Statistical Analysis
Baseline characteristics for the whole population and by subgroup (in Table 1 and eTable 1 in the Supplement) are presented using descriptive statistics with mean (SD) or median (25th and 75th quartiles) for continuous variables, depending on the distribution of the data, and counts and percentages for categorical variables. Baseline values were compared between groups using 1-way analysis of variance or the Kruskal-Wallis test for continuous variables, depending on the distribution of the data, and χ 2 tests for categorical variables. Individual and composite clinical outcomes were analyzed based on the time to first event. The data were analyzed using Cox proportional hazards regression models to calculate hazard ratios (HRs), corresponding 95% confidence intervals, and P values, first for those who underwent testing for ischemia compared with those who did not, and second among those who underwent testing for ischemia comparing those who had ischemia and no angina, angina and no ischemia, or angina and ischemia with those who did not have angina or ischemia. Adjusted analyses were performed in which clinical outcomes data were adjusted for baseline differences (age, sex, geographical region, smoking status, hypertension, diabetes mellitus, and dyslipidemia). Additional analyses also involved adjustments for other elements of medical history or for the Reduction of Atherothrombosis for Continued Health (REACH) risk score for recurrent events in atherothrombosis. 9 As sensitivity analyses, we examined clinical outcomes in the subgroup of patients with diabetes mellitus and then extended the model to formally test for an interaction between diabetes mellitus and the combined angina and ischemia variable. The unadjusted model results were also examined in the male and female subpopulations, and this comparison was extended to include a test for interaction between sex and the combined angina and ischemia variable in the total population from a further Cox proportional hazards regression model, which also included these variables as main effects. Statistical analysis was performed at the Robertson Centre for Biostatistics at the University of Glasgow using a commercially available statistical program (SAS, version 9.2; SAS Institute, Inc).
Results
Of the initial 32 954 patients available for analysis at baseline, 196 withdrew and 653 had no current follow-up data available for other reasons, resulting in a study population 32 105 patients ( Figure 1 ). Median follow-up was 24.1 months (range, 1 day to 3 years; mean, 23.6 months). Among the 32 105 patients included in this analysis, 20 291 (63.2%) had undergone testing for myocardial ischemia in the 12 months before enrollment. Patients who did not undergo testing differed markedly from patients who had for almost all baseline characteristics (eTable 1 in the Supplement); they were younger, more frequently female, and had a more recent diagnosis of CAD, a more frequent history of MI, and more frequent symptoms of angina and congestive heart failure. They more frequently received aspirin, thienopyridines, and β-blockers and less frequently received drugs to lower lipid levels, including statins. The rate of use of angiotensin-converting enzyme inhibitors and/or angiotensin receptor blockers was similar between groups.
At the 2-year follow-up, the adjusted HR for the primary outcome was lower among patients who had undergone a noninvasive test for ischemia before enrollment compared with patients who did not (HR, 0.70 [95% CI, 0.60-0.82]; P < .001). In addition, adjusted HRs for CV-related death, all-cause death, and MI risks were also lower in patients who underwent testing (eFigure 1 in the Supplement).
Patients who had undergone a test for myocardial ischemia were categorized into 4 groups according to the presence or absence of myocardial ischemia on results of noninvasive testing and the presence or absence of anginal symptoms (CCS class, >0) ( Figure 1 ). The largest group consisted of patients without angina or ischemia ( Figure 2) . Overall, 4056 patients (20.0%) had anginal symptoms (with or without ischemia) and 5242 (25.8%) had evidence of myocardial ischemia on results of noninvasive testing (with or without angina). The baseline characteristics of these 4 groups are summarized in Table 1 . Important differences were found between groups. In particular, compared with patients without angina, patients with angina were slightly younger, more frequently female, had a slightly higher weight, a less frequent history of percutaneous coronary intervention or coronary artery bypass graft, and a more frequent history of stroke, asthma/chronic obstructive pulmonary disease, treated hypertension, or peripheral arterial disease. They also had more frequent symptoms of heart failure, higher systolic and diastolic blood pressure, higher plasma levels of low-density lipoprotein cholesterol, and less frequent coronary angiography than patients without angina.
Unadjusted clinical outcomes for the 4 groups are described in Table 2 ; adjusted outcomes are shown in Figure 3 . Given the larger size of the group without angina or ischemia, 58.2% of all CV-related deaths and MIs occurred in this group, whereas 12.4% occurred in patients with ischemia alone, 12.2% in those with angina alone, and 17.3% in those with angina and ischemia. Therefore, 70.4% of events occurred in patients without evidence of ischemia. Using the group without angina or ischemia as a reference and after adjustment for age, sex, geographic region, smoking status, hypertension, diabetes mellitus, and dyslipidemia, the primary outcome of CV-related death or nonfatal MI was not more frequent in patients with ischemia alone (adjusted HR, 0.90 [95% CI, 0.68-1.20]; P = .47) (Figure 3) . Conversely, the risk for the primary outcome was Copyright 2014 American Medical Association. All rights reserved. (Figure 3 ). The 4-way variable presence of angina and/or ischemia was a highly statistically significant predictor of the primary outcome (P < .001 after adjustment for age, sex, geographic region, smoking status, hypertension, diabetes mellitus, and dyslipidemia). Similar observations were made for various secondary outcome measures (including the triple composite outcome of CV-related death, MI, or stroke) except for stroke and major bleeding, in which no statistically significant difference was noted between groups ( Figure 3 ).
We performed sensitivity analyses to ensure the robustness of the results. First, we found no statistically significant interaction with sex for each of the outcomes analyzed. Specifically, the P values obtained from the tests for interaction in the Cox proportional hazards regression models indicate no evidence of any statistically significant differences between male and female patients (eTables 2 to 4 in the Supplement). Second, the effects of angina and ischemia on CV-related death or MI relative to the group of patients with neither were assessed after various adjustment methods. Results were similar regardless of whether event rates were unadjusted; adjusted for age, sex, geographical region, and smoking status; further adjusted for hypertension, MI, asthma/chronic ob- structive pulmonary disease, stroke, peripheral arterial disease, and diabetes mellitus; further adjusted for the type of practice (hospital based or not, primary care or not); or adjusted for the REACH score of recurrent events (eTable 5 in the Supplement). Finally, a sensitivity analysis for the primary outcome was performed in the subset of patients with diabetes mellitus (n = 5901), and its findings were directionally consistent with the overall results (eFigure 2 in the Supplement), although we found no statistically significant increase in adjusted event rates in the group with angina alone. A formal test of interaction between diabetes mellitus and the combined angina-ischemia variable confirmed the absence of any statistically significant interaction.
Because anginal symptoms appeared to be a major determinant of the risk for CV-related death and MI, we examined the relationship between angina CCS class and outcomes. Relative to patients without angina (n = 16 235 [80.0%]), those with CCS class I angina (n = 1251 [6.2%]) had an adjusted HR for the primary outcome of 1.85 (95% CI, 1.36-2.53; P < .001), whereas it was 1.47 (95% CI, 1.11-1.95; P = .008) for patients with CCS class II angina (n = 2151 [10.6%]) and 1.76 (95% CI, 1.15-2.69; P = .01) for patients with CCS class III or IV angina (n = 651 [3.2%] (data were missing for some variables).
Discussion
The main findings of this analysis are that most of the outpatients with stable CAD did not have anginal symptoms or evidence of myocardial ischemia. Among patients who had undergone a test for myocardial ischemia, 20.0% had anginal symptoms and 25.8% had evidence of myocardial ischemia. After 2 years of follow-up, the presence of anginal symptoms was associated with worse clinical outcomes regardless of the presence of myocardial ischemia on noninvasive testing, whereas ischemia alone was not.
These findings have several important clinical implications. First, anginal symptoms alone, even without evidence of myocardial ischemia, were associated with high event rates and identified a group of patients at high risk for CV-related death or MI. The possibility of an important disconnect between anginal symptoms and evidence of myocardial ischemia is well known. 10 Conversely, our findings should not be interpreted as detracting from the value of treating ischemia because our patients were treated, and clear evidence suggests that the presence and severity of myocardial ischemia are important correlates of prognosis in stable CAD [11] [12] [13] [14] and possibly of the benefit of revascularization. [15] [16] [17] [18] A large international trial, the International Study of Comparative Health Effectiveness With Medical and Invasive Approaches (clinicaltrials.gov identifier NCT01471522), is exploring whether angiography with a view to revascularization in addition to optimal medical management is superior to optimal medical management alone in patients with myocardial ischemia. Finally, most CV-related deaths and MIs occurred in patients without angina or ischemia, emphasizing the importance of implementing optimal medical therapy and preventive measures regardless of symptoms or ischemia. Approximately 70% of events occurred among patients with no evidence of myocardial ischemia on results of noninvasive testing. Therefore, focusing management of stable CAD solely on the prevention or treatment of ischemia does not address the risks incurred by these patients. Some of our findings are expected. First, ischemia was present in 25.8% of patients of a population with stable CAD who had undergone stress testing, a proportion similar to that seen in a previous study. 19 Also, patients with symptomatic ischemia were at higher risk than patients without angina or ische- mia or patients with silent ischemia. The presence of anginal symptoms was more frequent in women than in men and was associated with an increased risk for CV outcomes consistent with the wealth of evidence documenting the prognostic impact of angina, 20 including among outpatients, 21 in men and women. 22, 23 However, the finding that patients with anginal symptoms in daily life but no evidence of inducible ischemia were at higher risk than patients with asymptomatic ischemia was somewhat unexpected. These findings appear to be at odds with results from the Heart and Soul Study, 19 in which myocardial ischemia rather than anginal symptoms appeared to be key in determining clinical prognosis, and those from the Bypass Angioplasty Revascularization Investigation 2 Diabetes trial in a population with diabetes mellitus, 24 in which angina presence or severity did not appear to affect mortality and CV outcomes, prompting the conclusion that "ischemia dictates outcome, not symptoms". 25(p712) Of note, the prevalence of anginal symptoms was very high in the Bypass Angioplasty Revascularization Investigation 2 Diabetes population, 24 with 82% of patients characterized as having angina or angina equivalents (compared with 20.0% in the present study). Several reasons may explain why patients with anginal symptoms but no evidence of myocardial ischemia on results of noninvasive testing may fare worse than patients with silent ischemia. First, because anginal symptoms may severely impair exercise capacity, these patients may not have achieved the same level of exercise as patients with silent ischemia. Thus, anginal symptoms may prevent completion of a full exercise test and, therefore, the identification of ischemia by noninvasive test results. Unfortunately, the CLARIFY registry did not collect information regarding the level of exercise reached during testing. Another explanation is that patients with anginal symptoms but no evidence of ischemia have substantially more symptoms of heart failure at baseline than patients with ischemia alone. Symptoms interpreted by patients and physicians as anginal may really be related to heart failure. However, despite the major differences in baseline characteristics among the 4 groups in the present study, adjustment of outcomes on the REACH risk score did not modify the results. Finally, not all data sets have found that asymptomatic myocardial ischemia is prognostic, 26 which is consistent with the fact that acute cardiac events often stem from rupture or erosion of plaques that are not severe enough to cause ischemia.
27,28
The present analysis has several important limitations. First, the outcome events were not adjudicated but were based on investigator reporting. Angina was ascertained by physician evaluation as opposed to patient self-reporting of angina using standardized questionnaires 29 or angina observed during a calibrated stress test, but as such may reflect routine clinical practice where such questionnaires are rarely, if ever, used. The noninvasive tests performed before enrollment to categorize the presence or absence of myocardial ischemia were not standardized in terms of background medical therapy, type of test, protocol for the test, or time elapsed between performance of the test and enrollment. However, conversely, this nonstandardized assessment enhances the clinical applicability of our results because they pertain to the presence or absence of myocardial ischemia regardless of the test type, date, and protocol. Also, the CLARIFY registry did not collect information on the extent or severity of ischemia, which is an important correlate of prognosis. 30 Inception variability is a factor in this cohort, with a mean follow-up of approximately 2 years, whereas the median time since diagnosis was 5 years. Most patients with anginal symptoms and evidence of ischemia might have been offered revascularization before entry into the registry, and, therefore, CLARIFY patients who have angina despite having been considered for the procedure may be too sick to undergo revascularization (because of diffuse/ severe disease and/or because of severe comorbidities) or may be those in whom revascularization has failed to cure symptoms. Therefore, patients with angina in this noninception cohort may represent a selected group of high-risk patients, although this was accounted for in part by adjusting for risk factors at entry. Last, although the cohort studied is large and has broad geographic representation, no patients were enrolled in the United States. Important strengths in the present analysis are also apparent. The cohort is large and contemporary, the use of evidence-based therapies was high, and the results were robust and consistent regardless of the various adjustment methods and across several sensitivity analyses.
Conclusions
Most outpatients with stable CAD do not have angina or ischemia. The presence of anginal symptoms in daily life appears to be associated with a higher risk for CV-related death or MI than ischemia alone. The presence of angina and ischemia is associated with the worst outcomes.
